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1 Introduction




Introduction

In 2023, BESIII reported the first determination of the quantum numbers of the D’ meson. */);
Ablikim et al. Phys. Lett. B 846, 138245

D*E 1JP) = o(17)

=1 established by ABLIKIM 23AZ.

D:* MASS

The fit includes DF, DO, DE, p*&, p*0, P&, p; (2420)0, D5(2460)°,

and Dgq (2536)F mass and mass difference measurements.

VALUE (MeV) DOCUMENT ID TECN COMMENT
2112.2+0.4 OUR FIT
2106.64+2.1+2.7 IBLAYLOCK 87 MRK3 ete™ — Dsi'yX

1Assuming D;t mass = 1968.7 + 0.9 MeV.
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Introduction

The width of D is still not determined!
D!* WIDTH
VALUE (MeV) CL% DOCUMENT ID TECN COMMENT
<19 90 GRONBERG 95 CLE2 eTe—
< 45 90 ALBRECHT 88 ARG EEE, = 10.2 GeV
e o o \We do not use the following data for averages, fits, limits, etc. @ o o
< 49 90 BROWN 94 CLE2 ete™
<22 90 BLAYLOCK 87 MRK3 ete ™ — D;'ny
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Introduction

The dominant decay modes of the D? are the radiative decay D* — Dy (M1 transition) and the '
isospin-violating decay D* — D,7°.

Dt DECAY MODES

sz modes are charge conjugates of the modes below.

Mode Fraction (I';/T)

. Diy (93.6 0.4 )%

r, Dfr° ( 5.774+0.35) %
3 Dfete” (6.7 £1.6 ) x 1073
12 -
M, etu, (21 133 )x107°

BESIII has provided the most precise measurement of branching fraction of

B(D:t — D) relative to B(D:™ — D}~)

B(D:t — D7) /B(D:T — D}vy) = (6.16 £ 0.43 + 0.18)%. (1)
Ablikim et al. Phys. Rev. D 107, 032011
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Introduction

The radiative decay D? — D,y has been well defined in the constituent quark
model and there have been a lot of studies of the radiative transition.
Aliev, lltan, and Pak Phys. Lett. B 334, 169-174 Wang et al. Phys. Rev. D 100, 016019

Yu, Li, and Wang Eur. Phys. J. C 75, 243 Cheng et al. Phys. Rev. D 49, 5857-5881
Deng, Chen, and Deng Chin. Phys. C 38, 013103 Choi J. Korean Phys. Soc. 53, 1205
Donald et al. Phys. Rev. Lett. 112, 212002 Tran et al. Chin. Phys. C 48, 023103
Fayyazuddin and Mobarek Phys. Rev. D 48, 1220-1224 Cheung and Hwang Eur. Phys. J. C 76, 19
Goity and Roberts Phys. Rev. D 64, 094007 Meng et al. Phys. Rev. D 109, 074511

Kamal and Xu Phys. Lett. B 284, 421-426

The isospin-violating decay D: — D,7" has not yet been broadly investigated.

Several works have been dedicated to this issue based on the n — 7° mixing.

Cho and Wise Phys. Rev. D 49, 6228-6231 Terasaki arXiv 1511.05249,
Ivanov arXiv hep-ph/9805347, Cheung and Hwang Eur. Phys. J. C 76, 19

Recently, a heavy meson chiral perturbation theory calculation was presented with the O(p?) loop
corrections, and it was found that the O(p?) corrections may actually be significant. Yang et al. Phys.
Rev. D 101, 054019.
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Introduction

The isospin-violating decay D™ — DI 7" and the radiative decay D+ — D}~ are studied
simultaneously with the intermediate meson loops.

The isospin-violating decay D:™ — Dfr"

n — 7 mixing as the leading order and D) KC*) rescatterings with or without the  — 7% mixing as

the next-to-leading order are considered.

The radiative decay Dt — Df~

In the same frame work of the isospin-violating decay D+ — D} 7% with the
vector-meson-dominance(VMD) model.
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2 Formalism




Formalism

Isospin-violating through 1 — 7" mixing

For the process DT — D71, the corresponding effective Lagrangian is
ED;TDSW = igp*pp sin apDS(D;‘)lﬁ”n

where ap = 40.6° is the n — i’ mixing angle in the SU(3) flavor basis.

For the  — 7 process, we use the 7 — ° mixing angle 6,0 which is given by the leading order

chiral expansion
V3mg—my

2 me—m
where 1 = (m,, + mq)/2. Gasser and Leutwyler Nucl. Phys. B 250, 465-516
Since 0,0 is very small, we take

\[ md — My,

4 me—m

tan (20777T0 ) =

977#0 ~ —
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Formalism

Effective Lagrangians e
L=—i DiOH P, DIt — DHOHPy DI + - Do Pl gDt
= —igp+pp( i DT — D, i D7) + 590D PEuvap D; g
—iQDDVD;r J, DI (V"); _ 2fD*Dv€Wa,3(3“V”)}(DJ goap*Bi _ D:ﬁT goDi) (5)

w7 *j i . * v v T TyxJ
+igp-py D19 D (V)i + 4i fp-p-y D} (9 VY — 8V VH)iD,

where D and D* represent the pseudoscalar and vector charm meson fields, respectively, i.e.

D= (D° D", D), D*=(D*,D*",D:"),

(6)

P and V are 3 x 3 matrices representing the pseudoscalar nonet and vector nonet meson fields

sin apn’+cos apn+m° at K+ pPtw
V2 , o V2
_ — sinapn' +cosapn—m 0 _ —
P = m ) K V=1 p
K- K° cosapn — sinapn K*~

,0+ K*t+
wfpo *0

72 K
K*O ¢

(7)

Casalbuoni et al. Phys. Rept. 281, 145-238Cheng, Chua, and Soni Phys. Rev. D 71, 014030
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Formalism

For the light hadron vertices, we adopt the following effective Lagrangian: \\,4/,);
Lyvpp =igypp Tr[(PO, P — 0,PP)V"],
Lvv e =gvv peapuw Tr[0*VFOP VP, (8)
Lyvv =igyvyy Tr[(0,V, — 0, V,)VFV"].

The following coupling constants are adopted:

gppen = DT = 29 gpDV = gp=D*v = bov fp=pv = ooy 29v
T DM e f7-r7 \/i ) mp- \/5 )

_ mp, _ mps gD:DSn - 9dD*Dx sin ap
9gD*D,K = 9D*Dxy 9D,DV = | ——9DDV, =
mp mp 1/mD;mDS A/ Mp+~Mp

5 (9)
9gpipK =/ O pebrs 9y = =2, gpepex = 2K _ 9
’ mp- 7 fx’ vmpmps  fx’

D*
gD*DrK* = gD p*v, [p*DrK+

where g = 0.59, 8 = 0.9, f,r =132MeV, fx = 155 MeVand A = 0.56 GeV .
Cheng, Chua, and Soni Phys. Rev. D 71, 014030Zhang, Wang, Li, and Zhao Phys. Rev. D 85,
Li, and Zhao Phys. Rev. Lett. 102, 172001 074015|so|a et al. Phys. Rev. D 68, 114001
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Formalism

The relative strengths and phases of the coupling constants for vector and scalar mesons can be
determined by SU(3) flavor symmetry relations, and expressed by overall coupling constants gy p
and gy pp Cao and Zhao Phys. Rev. D 109, 093005,

1
JK*+K*=n0 = TYK+0K*070 = TQVVPa
2
1
JK0R070 = — JK=0700 = JR+070K0 = —JR~0F070 = 7§gvpp, (10)
1
JK*+70K— — — JK*+K-—70 = JK*—K+70 = —JK*— 70K+ — 7\/§gvpp.
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Formalism

Tree and loop transition amplitudes of D" — Dfr" S~
+
The tree-level amplitude is given by Dy (p2)
. . ‘ D" (p1)
iMiree = tYDr DsnED: '103977770 = 10tree€ D * (p2 — p3),
n
where giree = 9D D100 /2.
Gtree 9D*Dsny 0/ 7'('0(]93)
The loop diagrams at one-loop level without n — 7% mixing:
D) A PP o) R ey T D)
Dt (py) Dt (p1) Di*(p1)

A (D) (g3) AK(D)(g3) AC*(D*)(g3)

D)) N 703 - () P N 20

D(K)(q1)
Di*(p1)

AKC*(D*)(as) A (D) (a)

K*(D*)(g2) L 5 7r0(p3) L 5 7r0(p3)

(d) (¢)
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Formalism

For example , for the first diagram, the transition

amplitudes are given below, with a UV cutoff
A2 —m2
Fa) =11 <A2_q2> and A; = m; + aAqco,

K2

9

AQCD = 220MeV.

3
a5 df

diqs 9D:DK2 -e%gp,pr- (@1 +p2)a(9aﬁ — )g;c*m(ps +42)p

iMa(D, K, K*) = / oo

(43 —m3)(q3 —m3)(q3 —m3)

H 93,930
d*qs 9P:DKID*D.KID*Drq1 ey (guu - ;Lig) 5

(2m) (i —m)(az = m3)(g5 —m3)

iMq(K, D, D) :/ F(a}).
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Formalism

The loop diagrams at one-loop level with 7 — 7% mixing: ==
D(K)(av) »>— D (p2) D*(K*)(q1) ——— D (p2) D (K@) A D (p2)
Dt (p1) Dt (p1) D (p1)

A (D7)(gs) AK(D)(g3) AR (D7) (g3)

—e>— 7%(p3)

; e ()

- e ()

) . gICIC*nemro

iMa(D,/C,]C*,n) :iMa(D,/C,IC* ,
IKK*m N
go*D 0 0 ( )
iM,(K,D,D*,n) =iM,(K,D,D*) . 222000
9D*Dn
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Formalism

Power counting of the loop amplitudes:
Assuming the intermediate mesons are close to being on-shell, the propagator reads

1/(t—m3) ~ —1/mj

The integrand counts:
(0° Jv?) X pr - pp./mE ~vEp_E,/m3

For the two loop amplitudes which cancel each other, we have

vEDSEﬂ(l/mi*i - 1/m%(*0) ~ vEW(;K*/m%(* ~v(mg/mg) (O /mK-),

loop power suppression Isospin breaking term
with dg+« = mg~0 — mg«+. The loop amplitude can be expressed as
iMioop = iGioopE p=+ * (P2 — P3).
The total amplitude can be written as

iMD:Jr_,D;rTro = i(.gtree + gloop)ED:Jr : (pD;r - pw(’) = igtotaI5DS*+ : (p]_‘)s+ - per) .
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Formalism

Tree and loop amplitudes of D:* — D~ in the VMD model ‘=

The radiative decay of D*™ and its loop correction can be
evaluated in the same framework

'M’Y = igy Lvaﬂua57 19
1M tree three(’Y)g/ BP1DP3E1 €3 ( ) D;’ (p2)
where g... can be calculated using the VMD model,
Gtree g D:+(p1)
2
. em
ggree = ZgD;fDSV fVV GV (20) V
with ’V(p?))
—1 —1
Gy = = . 21
v P2 — mi +imyLy  —mi +imy Ty (21)
where V = p,w, ¢, and e/ fy can be determined by experimental data of Iy, o+.-:
1
e _ [3”%*6] ’ (22)
fv 2ae|pe|
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Formalism

To match the coupling constants in HQEFT, we have
gp:p,v =4fp:p,V-

For the tree level V = ¢, J/4, the coupling constant can be extracted:

) emi emi
gprD.y =1\ 902065 G + 9D: Dy Gy |,
fe Ty

with gp-p.y = 29,4pp/M, M = \/Mp: Mp,
Zhang, Li, and Zhao Phys. Rev. Lett. 102, 172001.
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Formalism

Loop amplitudes based on the VMD: \\,})i
DY (p2) D*(K*)(q1) —>—— D (p2) D*(K*)(q1) —>—— D} (p2)
Di*(p1) Dt (p) Dit(p)

K*(D*)(gs) 4K(D)(gs) A/C*(D")(g3)

e (1) Feen (1) FP@2) N 5 (s)

—>—— D (p2) ——— D7 (p2) D (KN q) A D (p2)

D" (p1)

A (D) (gs) \CH (D) (gs) AK(D)(gs)

ACRIC) e~ 5(pg) e~ (ps) K(D)(a) e~ (o)
(d) (e) (f)
. oS af _ ngg o MU
. . dtqy 9KK*~9D;DKID, DK+ G2 - €% (91 + P2)a (9 T )Jepounelasps
k) = [ (af —m)(a3 — m3)(af — m3) e,
v B
4,. 9D:DKYD*D,KIDDyI1 - €Y (9 - M)5 €543p
iMa(ICaIDa’D*v’Y) :/ d q34 - ) i D) D) ! ZV 5 ™ 5 ren ST qg)
(2m) (g7 —mi)(g5 — m2)(q3 - m3)
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Formalism

Contact diagrams induced by the requirement of gauge invariance: @
v(ps)

D*(K")(q1)

K(D)(g2)
(b)

’C*(%)
(d)

(@) v, (b) x, (c) x, (d) x
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Formalism

Meson-photon coupling constants in the VMD model:

, emZ em?, em?,
JK+K+~y :Z(ngK"'K— 7Gp0 + Gurtk-—5—Guw + oK+ K- 7RG¢) )
fpo fw f¢
2 2 2
. em o em em
9K Koy =i(gp0 o g0 —=Gpo + gurogo—2Gu + 9¢K0R07¢RG¢) ;
pr fw fqb (25)
, emZ em?, em?
9dD+ D+~ :Z(gp0D+D— 7Gp0 + gup+p- ——Gu + 9¢D+D— 7RG¢>) ,
fpo fw f¢
2 2 2
. em o em em
gDO Do~ :Z(gpoDoDo d Gpo + gupopo——=Gu + g¢D0D07¢RG¢) .
fpo fw f¢
where R = 0.8 is the SU(3) flavor-symmetry-breaking parameter for process involving the strange
quark pair.
The total radiative decay amplitude can be expressed as
iMD;*aD;r'y = Z‘(g’;yree + ggop)sumgp’fpgs’fsg = Z‘g;YotalgD;er ’ (ij - pﬂo) : (26)
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3 Results and Discussions




Results and Discussions

The numerical values of the coupling constants

Table: The values of the V PP coupling constants.

9p=opor  gp=—D+x Yp:+tp+rx 9Ip-oprrk IpFD+K*

9p~+prk 9vpPP

Coupling Constant g+ poge  gp+ pogc=
Numerical Value 18.40 3.84 17.29 —17.33 18.42 17.77 3.84 17.78 4.18
Table: The values of the V'V P coupling constants.
Coupling Constant 9p+ prog fD*ODjK* fD:DOK*  gpw0pwogo  gp*+D=—x0 GVVP
Numerical Value(GeV ™) 7.81 2.38 2.47 8.94 —8.94 7.93
21 /28
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Results and Discussions

Table: The values of the VV'V coupling constants.

Coupling Constant gy vy I+ profcs Iprprok~

Numerical Value 4.47 3.83 4.79

Table: The values of the electromagnetic coupling constants in VMD model.
Coupling Constant IR K+~ IR0 K0 D=0 Do~ 9D+ Dt~y
Numerical Value(Gc\/*l) —0.288 +0.063¢  0.369 + 0.0627 —0.383 — 0.082¢ 0.492 + 0.082i
Coupling Constant IR+ Kty R0 K0y 9p+0 D=0~ (fprop=os) Gp+ Doty (fD+ Dot)
Numerical Value —0.162 — 0.035¢  0.208 + 0.034;  —0.139 — 0.031i(—0.695 — 0.152¢)  0.178 + 0.030¢(0.892 + 0.1507)
Coupling Constant IR+ K+~ JKOKO DO DO~ 9D+ D+~
Numerical Value —0.288 +0.063¢  0.369 + 0.062: —0.383 — 0.082¢ 0.492 + 0.082i

J.Wang «
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Results and Discussions

Numerical results

g7 T T T [ T T T T T T T T T T T
Table: Comparisons of the partial decay width
10 3 of DY — DI n°. The decay widths are in the
= 0 1 uints of eV. The uncertainties of our result are
3 B E given by a = 1.5 £ 0.15.
ém 0t e —
td, , ] Cm? xPT?  Our work
S TDr = DinY) 27E 81730 902070
O ——— Tree ====Loop —
""""" Total ssseeee (D, K*, K) E
. | | | | 1 ?Cheung and Hwang Eur. Phys. J. C 76, 19
0 1.2 14 16 18 2.0 bYang et al. Phys. Rev. D 101, 054019
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Results and Discussions

Connection and difference between D+ — D70 and Dt — D~y
D (p2) D (p2)
D (p1) Di* (p1)

0
™ (ps) 7(ps) Cancellation occurs between
Df the ¢ and J/v¢ term.

+ +
D: D

s

n/¢ I/
The main uncertainties come from the g;,,pp coupling with g;,,pp = 7.0 ~ 7.5.
Precise measurement of D** width can provide a strong constraint on this coupling.
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Results and Discussions
FES iy

Table: Experimentally measured branching ratios and relative branching ratios of D" — DI #° and

D:T — Dt.
BR(D:t — D) BR(D:* — Df=%) BR(D:* — D}#%)/BR(D:*t — D)
PDG ? (93.6 +0.4)% (5.77 £ 0.35)% (6.2 +0.4)%
BESII ®  (93.544+0.384+0.22)% (5.76 +0.38 £ 0.16)% (6.16 +0.43 £ 0.18)%

Table: Contributions of the tree diagram, loop diagrams, and the combination of tree and loop diagrams to the
partial decay width of D™ — D~ with o = 1.0, 1.35, 1.5, 1.65 and 2.0 in unit of eV and 954D = T1-23.

« 1.0 1.35 1.5 1.65 2.0

Fiee 153.89 153.89 153.89 153.89 153.89
Toop 054 222 359 555  13.14
155.30 157.84 159.69 162.16 171.15

1_\total

°Navas et al. Phys. Rev. D 110, 030001
3Ablikim et al. Phys. Rev. D 107, 032011
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Results and Discussions
SN )
o

Table: The partial decay widths of Dt — DF#0 and Dt — D, as well as the total width of DI as the
sum of both, for o = 1.5 £ 0.15 with g, ,,,pp fixed at 7.23, and for g;,,pp = 7.23 & 0.06.

L(D;* = Din%) T(Di* = Div)  Tiewa(DIY)

a=15+0.15, g;/ypp =7-23 9.92*0-78 159.7+25 169.612
a=15+0.15, g;/ypp = 723006  9.92¢07 160713 170+ 13

Table: The partial decay width of DT — D~ and the total width of D™ obtained using the experimentally
measured relative branching ratio and the calculated width of Dt — DI #° with o = 1.5.

F(D*+ — D:’Y) IWtotal(l)*—i_)

PDG* 160+ oeV 172110 eV
BESIIIP® 1+1g’ev 172+ eV

“Navas et al. Phys. Rev. D 110, 030001
5Ablikim et al. Phys. Rev. D 107, 032011
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4 Summary and Outlook




Summary and Outlook

Summary and Outlook Y

m Isospin-violating decay D — D,n® and radiative decay D} — D,y are studied in
the same framework.

= Loop corrections are crucial for the D — D,m° decay, while they are negligible in
the radiative decay.

m With the experimental data for the branching ratio fraction, we obtain a better
constraint on the coupling g;/4pp-

m These mechanisms can also help us understand other isospin-violating decay
processes’.

m The decay D} — Dy is near the threshold of D}, understanding this decay
channel will aid in comprehending other near-threshold dynamics.

m Future precise measurement of the total width of D at BESIII is strongly
recommended.

6Study of B.(1P)* — B * 70 Wang and Zhao arXiv hep-ph, 2507.19952
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